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© Method for immunoassay using photoacoustic spectroscopy. 



© In this invention, antigen-antibody complex is 
^labeled with a color material and photoacoustic prop- 
Gerties of the label are determined by photoacoustic 
CO spectroscopy. As the color material, a fluorescent 
1^ substance, a dye or colored particles can be used. 

The immune reaction of the labeled antigen or 
0> antibody is carried out in liquid under the condition 
*Othat the solid phase is present. As the result of 
W immune reaction, the labeled antigen-antibody com- 
Oplex is immobilized on the surface of the solid 
^ phase. Th n. the solid phase is separated from the 
U| liquid and moved to the position for exposure to light 
and intermittently irradiated by the light. An acoustic 
signal given thereby is detected. According to the 



present invention, a pressure medium for 
photoacoustic determination is a gas. The method 
permits to detect antigen or antibody with high sen- 
sitivity. 
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METHOD FOR IMMUNQASSAV USING PHOTO ACOUSTIC ^SreCTROSCpPY 1 * 



n. r { 



BACKGROUND OF THE INVENTION 



FIELD OF THE INVENTION: 



•C-5 ,;. 



The present invention relates to an immunoas- ?■ 
say method and more particularly, to amethod for -:. 
immunoassay, whith Is suitable tor analyzing" and 
determining the immune component in a' sample ;, 
utilizing a photoacoustic spectroscopy. - v • . 

statcKP n T,9 f ™ e ^ ei ^ t ? d ART: t,:: " £ 

For . deWrminatipri of an ; antigen or antibody 
contained in body fluids with nigh sensitivity, atten- 
tion has recently fbeen brought to a method for 
immunoassay using a photoacoustic spectroscopy. ^ 
This method is described, for example, in Japa-. <- 
nese Patent Application KOKAl (Laid-Operi) No. 63- 
44149. According to the prior- art, a particulate- 1 , 
antigen-antibody complex is formed in iiquid and 
the resulting dispersion of the complex is intro- 
duced into, a photoacoustic cell, - where 
photoacoustic measurement" is made therein. In this 
case, utilizing particle L diameter-deperideht sensitiv- 
ity in phcVcacoustic spectroscopy; the sensitivity of . 
a photoacoustic spectrometer is rendered highly 
sensitive, to the particulate substance to be ana- < 
lyzed, using an .exited light having "a wavelength 
either identical with or similar 0 to the size , of the 
particulate, substanc^ to be analyzed, whereby* the 
particulate substance is selectively detected and :. 
quantitatively .determined.' ; " 1 

' An .invehtipn i of U.S. Serial No. 283.81 *.'fi!ed: - 
December ,13, 1988 also relate r s to immunoassay : 
using .photoacoustic' spectroscopy: in the^prior-in^^ 
vention/an. immune ruction is caused withih' a ■ 
reactor to. form an immune ^ 'complex labeled' with r . 
fjne, particles ion the. solid phase: Then, the fine \i 
particles are separated from- the solid phase in they 
reactonand the dispersion of the fine particles is 
introduced jnto a measuring cell for photoacoustic 
spectroscopy. The fine particles in trie dispersion' 
are < measured. . , 

. . According to' Japanese .Patent Application 5 
KOKAl Np.^ 63-441 49 supra 1 , the particulate^ahtigen-. 
antibodyl cqnipl ' x can be- detected in such Estate* 
that influence by other particles is : mihimized.- Ko'w-' 
ever, the concentration of rheumatoid factor,' earner 
specific antigen, etc. is'extremely low and it is thiis 
desired to develop ; a method for measurement with 
much higher sensitivity. The prior invention de- 
scribed above is also desired to achieve measure- 
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ment with much higher sensitivity/ ' "' v * ' " '* - 

SUMMARY OF^TrtE INVENTION"^ " [ } 

AjV object of. the present invention to provide 
a method for immunoassay which permits to mea- - 
sure.an ;antigen or "antibody c^ritajnedj even in "a 
trace amount in body .fluids JWith 'high sensitivity, 
utilizing a photoacoustic spectroscopy. j;* - 

According to Re present invention, the antigen- 
antibody complex is' 4 'ia6eied with , a color material 
and photpacoustic properties qf the label are 'deter- 
mined by photoacoustic sp'ectfbscopy?As the color 
.material, a fluorescent substance/ 5 a dye or colored 
particles, pan be .used. ? . ^ . 

^eJmmy^ 
antibody is carried out in liquid under the condition 
that the solid phase is present. As the result" of 
immune reaction, the labeled antigen-antibody 
complex is immobilized .on the i surface; of the solid 
phase. Theni the solid phase is separated from the 
liquid and, moved to me, position for exposure to 
light and, intermittently irradiated by the light An 
acoustic signal. giy;e"n thereby is : detected. Accord- 
ing to the present invention, a pressure medium for 
photoacoustic determination is a gas. . ~ 

In a photoacoustic spectroscopy, if is essential 
that a substance ^sorbs jight By absorbing light, 
the substance takes in light energy, and atoms or 
molecules constituting the substance are 'excited. 
Owing to the light energy^whichf the atoms or the 
molecules ^vjef jriik^ : mol ~ 
ecuSes release { heat energy when the^ return to the 
ground "state.. In^is^ro^ is 
generated by the heat energy." According to the 
photoacoustic spectroscopy, thus generated acous- 
tic wave is detected. l {r ^ 

A photoacoustic spectrometer comprises as 
main constitutional elements a laser light source, a 
chopper for intermitting "a'Yight a ! photoacoustic 
cell, - an. acoustic sensor, . an" { ampfifier and a signal 
processor 'system. After light from the light source 
has passed .tiuougr> a photometer, the light is con- 
verted^ jnterm)ttent jig frie^ans of the chopper 
to breasted on .the photoacoustic cell" -In the cell, 
a sample absorbs ttejnt^ whereby a 

photoacoustic /signal ? is. . generated. The 
photoacoustic signal is ^detected the acoustic 
sensor such as a microphone. . . 

In a preferred embodiment of the present in- 
vention, a solid phase to be determined is placed 
in the photoacoustic cell which is sealed in such a 
state that gas is present, and a leak into the gas of 
heat generated as a result of the light absorption 
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by a sample is detected as a periodic pressure 
change by means of a highly sensitive microphone. 

A pressure change (photoacoustic signal) gen- , 
erated when a sample is exposed to an incident 
light is converted into an electric signal (generation 5 
of voltage) by means of a midrophbrte bra piezo- 
electric element. By previously preparing a calibra- 
tion curve between the concentration, pf antigen 
and the photoacoustic signal converted 1 into electric" 
signal : using, an an^igjen .haying known concentra- w 
tions.. the antigen-antibody r^atiipn 6af\^ be quan- 
titatively analyzed, .byl a , photoacoustic Spectro- 
scopy! whereby, the desir^ahtigen 'oKantibBdy ' -* 
can be quantitatively determined. W ' . 

According to/a preferred embodiment of the 15 
present invention/ trace' components which could 
only be determined from a. practical viewpoint 
radioimmunoassay,. (B|A) \ hwetbfore ^cart " be quan- - 
titatively determined .rapkll^; with ^hiph sensitivity in 
a simple manner, ' , ,7 : ' ' 5 20 

.Further by ,u^ing .a. s plurality 'pjf^P6Ci^;jn c W ; 
standard substance,. a" p^rali^bf^^^ ^ an ^ feo 
be determined concu>entiy.' .'" \ ' ' \ '.. ; \ ' / 

BRIEF DESCRiPJIQN OF THE DRAWINGS 

Fig. i. shows ,ari.:Putllhe ( of the Whole con- 
struction of. a photoacoustic apparatus for prfictic- v 
ing an embodiment pf the presentlnyentiH:^ ■ " so 

Fig. 2 shows an example of calibration curve?' 
for determination, of JiCG; " 1 IW * ; t " ; ' : '~;' y> 

Fig. 3 showsfa calibration curye for concur- 
rent determination; p c f AFp ahd CEA. ; C ' w 

Rg.. 4 shows , an example pT a calibration 
curve for ^determination of TSH. . " ' 

... Rjg^S shows a pretre^ with- 
in the analytical apparatus 'sT>dwn^H\ Fi^^ _ : l • - •" 

Fig.' 6 shows* a. cross s^tfo^ar construction 
of measuririg^ used '^^ap^abs^ of Fig?*: «©* 

DCTAILED DESCRIPTION OF THE PREFERRED-' 
EMBODIMENTS , ^n'L *\?V 

In a pr^^i^?'fm§^rn^ of 'the present Mh- 4S- 
vention,' a first antibody irrimfcfttecjB (0 the solid 
phase is: reacted with [ a ,labeted s^6nd v antibotty- 
capable ,of t , sp^ifipajl^ !re^n& wttv-;tfi% first anth 
body! By! this, reactic^ 

ed with a color materia is formed ori r the surface of so 
the solid phase .t^ethel;^^ 
antigen contained in the" 'sample. The solid phase is 
separated from the liquid, introduced' into a mea- 
suring cell and measured by a photoacoustic spec- 
troscopy. In this case, the second antibody labeled 55 
with a label is not requir d to be specifically reac- 
tive with the antigen to be analyzed but is sufficient 
to specifically react with the first antibody. For 



example, when the analyte is a-feto-protein (AFP) 
and the first antibody is rabbit-anti-AFP, sheep anti- 
rabbit !gG antibody can be used as the second 
antibody. For this reason, it can be avoided to use 
expensive antibody in large quantities. In view of 
reagent costs, this embodiment is thus excellent. 

As the label, there may be advantageously 
used a dye, a fluorescence emitting substance; etc. 
which can be bound to the analyte or antibody 
capable of specifically reacting ; with the analyte. 
Furthermore, a dye or a fluorescent substance in- 
cluded- in , or bound or : adsorbed to . microspheres 
such as liposome; a dye or a fluorescence bound 
or adsorbed; to a carrier . such as latex particles; 
colorless particles or carriers , which are labeled 
with colored latex, etc.. may .also be used as the 
label. These substances are* often referred" to as 
color materials hereinafter. 

The solid phase preferably Jtakes a portable 
structure formed into a film or plate having a bur- 
face capable of holding liquid, therein, like a micro- 
plate which becomes a littie/bU. hollow; a film made 
of synthetic resin such as nylon, polyester, etc.; a 
container packed with a filler such as agarose. 
Sepharose. silica-gel, etc. As. the solid phase, glass 
pieces or paper .which, can be immersed in liquid, 
and theilike may also be.used. 

An embodiment using a plate. "for thin layer 
chromatography (TLC) as the solid phase is de- 
scribed below. 

In measurement of a solid sample, i.e., reacted 
solid phase; by photoacoustic spectroscopy, a sub- 
stance present .^around the. surface can be mea- 
sured with relatively high .sensitivity. This is be- 
cause, when a photoacoustic signal is detected by 
means of a microphone using as a pressure me- 
dium, e.g., gas, a substance such as an adsorbed 
matter, etc.. present around the surface of trie solid 
phase can be detected .with high sensitivity, since 
only the region around the surface of the soiicJ 
sampieticontributes to the signal. Where solid 
phase itself, which isJa substrate suDstantiaily oas 
no:;;at>sorption -and.' has a larger reflectivity, this 
tendency is rnore remarkable* In i"LC, siiica gel, 
alumina or the Ijke is. oft^p .generally used as tlio 
adsorbent. These substances are optically' opaque 
and. powdery, so that quantity erf 
the .^bejed reaction '' : ipjr^uf^ )^^^ by optical 
means : sych\ 'as... ordinary "'frgn^'sstort^ method or 
reflection method: results", in pdor accuracy in mea- 
surement due to scattered light and in insufficient 
measurement- sensitivity. For this reason.; quantita- 
tive ;;pr, qualitative determination is generally per- 
formed by firstly exposing a TLC plate after devel- 
opn^errt tQrUV light or applying iodine gas to bon- 
f^^ t^e: position of spot, then scratching the spot 
Off • -and extracting the^ adsorbed ' matter with an 
appropriate solvent, and then measuring its absorp- 
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tion spectrum, et^ther' fore! a' very' long period of 
time is required for the 'def "rmihatibn. j 5 J v l ; 

According to the 'photoacbustic .'spectroscopy, 
however, positioning of the spot anb* quarititative;or 
qualitative determination of the Adsorbed matter 
can be made in the adsorbed state: \vr this case; 
since 4 background noises derived* from the ; adsor- 
bent affect the detection limit; - the adsorbed matter, 
i.e.. the label is colored 1 so that S/N can be greatly, 
improved. 1 '' ' - « : : r. v 

As compared to the conventional absbrbance- 
measurement method, the present - invention: per- 
mits to measure with sensitivity^ as high i as two 
figures or more in such -a state that the Jabel is ;, 
adsorbed on the reacted solid phase.» *. ^ « - • * 

When a color material is used as-the label, a 
ratio of signal to background noises (S/N) for 
photoacbustic measurement is improved: The solid, 
phase on which the 'antigen-antibody - complex, 
labeled with the color' "material " is r adsorbed^ is.;? 
moved/tb tne position of a spectrometer -for expo-;,, 
sure to light. When the solid phase is exposed to a. 
laser light, the color material present on the surface »* 
of the solid phase r absorbs the * light and releases 
heat energy in respbnse to.the light absorbed. The, 
greater the quantity of light absorbed, the greate/ . 
the photoacousttc signal obtained. As a color of the 
label, it is chosen to have the absorption maximum •/ 
substantially : in compliance with the . central » 
wavelength of the excited 1 monochromatic light- For 
example, when an argon laser having' a wavelength 
of .488 hm is' used as the excited light, Food ^Yellow 
3 having the absorption maximum wavelength, of 
482 nm is used 5 as a dye for the label; in this case, 
goqjj results are obtained. *• * : : 

, An outlined construction of an analytical -ap- 
paratus .. for practicing one 'embodiment '> of « : the 
present invention is^shbwn in Fig. t: -■•=•- 

light source; for excitation 1 7 is a light source 
for argon laser having an output : of TOW. Laser light 
25 from argon Taser light* ; source- has. oscillation 
rays in several ^wavelengths at 488 nm, 514.5 nm 
and over the; ultraviolet to visible regions. Depend- 
ing upon the size of the reaction- product to be 
analyzed, an appropriate - dye -in dye . laser .1 &?ss 
subjected to pumping. 1 For - example, when, the size 
of the reaction product r is r 0.6 : to 0.7 um;;ihe 
wavelength' of the excited light -25 from the argon 
'iaser/light Source 17 is set at 514.5 nm and 
rhc<iamihe is used as the dye for the dye ; laser 18. 
jh e laser light 27, its wavelength being modified in 
response to; the : * size of the analyte; is . in part 
divided by half mirror 5a. The wavelength* of ^in- 
cident light via l ref lection mirror 5c is confirmed-by 
wavelength monitor 28. The remaining laser 'light is 
modulated to a ' periodic rectangular wave by ■ a 
modulator 19 comprising light chopper of rotary 
blade type and is converted into the excited light 
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26. The excited light 26 is cast oh a measuring cell 
23. in, the cell, th sample absorbs theMight to* give 
. a photoacoustic signal/ The phbtbacoustic signal 34 
generated jn .the measuring cell 23 ^ detected by 
means of. .a. microphone or piezoelectric element 70 ; ' 
and .amplified by/a ; lock-in amplifier 31, By referring' 
to reference signal 35 synchronized With light inten- 
sity modulation output fromT a- driver 29 of the 
modulator J 9. A part of the excited light 26 is : 
divided by the. half .mirror 5b and ! its intensity is 
monitored by a jighV intensity inonitor 30. informa- 
tion -.on the -intensity' of the photoacbustic - signal 
through; line 72 and the phase of the photoacbustic 
signal [through" life 

32; further information on; wavelength, modu- 
lated frequency . and ihtensity of 1 the 5 excited light 
from a wavelength m^ftitoV ! 2B; the mbduiation driv- 
er 29,and.,the light ihtensity monitor 30 is also input 
to the . data processor 32 through line 71.' The data ■ 
processor ^ r ]b1i4play&''0^lBurndters'on _condifionS for* 
ther measurernenti fbr : example, information on 
wavelength of the excited light/' modulation fre- 
quency, etc/ on a display apparatus 33 or performs 
data, processing^ of the, 'measurement results and 
displays a calibration curve 61 the reactidn product 
or quantitative results on a : sample'haviiTg unknown 
concentration! and the i iikb bri the "display apparatus - 

, Body -fluids siich as plasma, are placed with a 
sample" pipetter' 36 " on a disk-like apparatus within a: 
reactor 21. .Reagent solution for forming the 
antigen-antibody J complex is added^ through' a : 
reagent dispenser - 22: The reacted solid phase on ; 
which the immune complex is formed in ! the reactor 
21 is inserted into the photoacoustic cell 23 by 
means of a',react#d : /solid phase transfer 20. The 
cell is sealed ih T such a state that the aVis^present. 
The .measuring. pf II 23 c&sists of a glass container 
equipped with a . light incident window, ihslde^ct 
which a microphone is'placed; An 'open-close cover 
provided in^the cell is dosed and sealed when the 
reacted solid "phaise is encased Th the* ceil; x 5 
f An example of the construction of - the measur- 
ing .cell ^used in the apparatus 'shown in Rg. 1 is 
shown' in Fig. 6/ The. cell 23 has a cylindrical room, 
the. upper part of'S^ich can he opened by a 
reactor ^ room 2 is scalable 

with a cjuartz giass-made' cover 3. The microphone 
70 is embedded in the side wall of the room 2. A 
stand 4 of transparent glass is mounted to the 
bottom of the room/ The disk-like solid phase 5 can 
be placed at the center of the stand 4. In the 
example, the solid phase has a size of 10 mm in 
. diameter and 2 mm irrhigh. However, the solid 
phase can be chahged to various siz s. When the 
. room ^covered, 5 the volurne of the space is 0.5 to 
1.0 ml. the excited light is cast on the solid phase 
5 through the cover 3. Therefore, the cover 3 
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functions as a light incident window. For the con- 
struction of such measuring cell 23. there are var- 
ious modifications. , . • v • 

Fig .V. 5 shows a pr^etreatment t equipment within 
the analytical apparatus jn Fig., I^THe j5retreatment 
equipment includes, tt|0. ^r&aoimr:" gVl . ' - r»f«ont 
dispenser 22 and ;the sample/pipetter 36;in"Rg. c 1 : . r 
A pipetter.4Q.in fig., 5 corresponds to ^ pipetter j 
36 in Fig. 1. Distributor 37 ^ Rg.jSj corresponds to 
the dispenser 22 in.Fig. 1.,. . \ ".-."» . 

In Fig, 5, a sample table. 10. on, which a plurality • 
of the .standard ..substances^h^ving^different con- 
centrations v . are placed '.for ' respective items for; 
measurement is provided, A plurality of standard 
substances can be. placed, on the sarnple table 10 ' 
continuously for. every item for measurement. A 
reaction table 121 has reactors 122; on the circum- * 
ference of,;which the reacted /solid phase 5 having 
bound. thereto : ^plurality of annbpdies for analyses 
of a plurality of items is,ptace<K the reaction table [ 
is constructed to~ be freely, rqtatabfo Transfer of the ' 
standard material and. sarnple is performed by 
means of a sampling probe 41. Dispense ^ of 'the' 
reagent is effected by a moving distributor 37. 

, The reactors -122. in which a plurality of the 
solid phases in, the kind .and; number are encased 
are constructed to make continuous line on the 
reaction table -121 for every item. A necessary solid 
phase is supplied to the corresponding reactor 
through a reacted solid phase supplier 42. On jhe 
reactor line, a discharge apparatus ^12-9 and a 
washing apparatus 124 are placed. Details of the 
photoacoustic signaLmeasuring apparatus 49 are 
shown- in Fig 1.: A sealed, type^ photoacoustic cell 
23 5? so constructed that a pressure change gen^ 
erased as the jesult^of the exposure of the solid 
phase placed within ' the ceil to the light source 17 
can be .detected, by means of a microphone. 

.... A -.controlling ' apparatus Js ; e.qu|pped with a mul- 
tiplexer 53, an A/D converter, 54, a read only mem- 
ory (hereafter referred to as ROM), a random ac- 
cess memory, (hereafter^referrjed;. to as RAM); a 
printer 55, an op^ratiph" panel .52 'and a driving 
circuit for, mecnan^m,13!^ the Mtiwwerterte is 
further connected -to a. central processor: 51 via an 
interface 50. The central processor 5\ functions to 
control, the whole apparatus, including the ; rriecha- 
nism, prepare a calibration .curve and. perform data 
processing such .as/Zopira^.^VtM' concenfration, 
etc. For.-.the •centrai^prwe^pr.^ mipf^omputer is 

used;' . • - -A . ;. . 

The operation of the pretreatment equipment is 

described below., ^ 
Firstly, when a plurality of the solid phases are 
set on the react d solid phase supplier 42. neces- 
sary numbers of the solid phase are continuously 
supplied to- the- reactors 122 on the. reaction table 
121 for every item. Next, sample containers 44 in 



which sera (samples) to be analysed containing 
hormones, cancer markers, infection-associated 
substances, etc are ..encased are supplied on the 
sampling position on the sample table.. 1"0, Then, 
5 the tip of the probe 41 held in a. movable arm 12 in 
the pipetter 40 is dipped in the sample Containers 
and sucks a definite amount of the serum and 
holds in the probe 41. Thereafter, the probe 41 
moves to the discharge position 45 on the reaction 
70 table 121 and discharges the serum held in the . ' 
reactor ^122 including the solid phases of. kinds 
corresponding to the items to be measured, with 
the probe -41.. ,, ; 

When this sampling operation is completed, 
75 the reaction table 12^ gees- counterclockwise by 1 
pitcn of the reactor and stops at the position. When 
• a time from the rotation to .'the stop of the. reaction 
table is, ior example, 20 seconds, the abov? opera- 
tion is repeated as one cyple for 20 seconds. As . 
20 the cycle, proceeds. trvB ^ specific sample , tp .be 
measured . goes counterclockwise by one pitch of 
the reactor at .the position where the reaction table 
121 is in a standstill state. Discharge of the reagent 
frcm the moving distributor 37 is made in such a 
25 state that the reactor, 122 stops, at the discharge 
position 47 on the reaction f table 121. The distribu- 
tor 37 selects a necessary reagent solution from- a 
line of reagent containers. 39 to discharge into the 
reactor. Taking as an example a specific sample, a 
30 first reaction Is initiated between the sample added 
at the discharge position 45 and the solid phase in 
the reactor and a second reaction is initiated with 
the reagent at the discharge position 47. 
. When the reactor, 122 in which the reaction 
35 proceeds stops at a washing, position 48, the dis- 
charge -and suction of reagent for. washing are 
repeated by a washing apparatus 124. whereby the 
solid phase, is washed - as it stands in the reactor. 
When;the reaction table ,121 rotates and stops at 
40 the stop position 46, .only the reacted spiid phasei 
in the reactor v. is taken into the : photoacoustic ceii in 
which the photoaco^jstic signal Js detected by 
swans of; a- photoacoustic apparatus .49. In output 
of the photoacoustic apparat»js,49', a signal of mea- 
45 suremerit wavelength icurrently required, is choseri 
by the .multiplexer. 53,. incorporated into, the central 
processor 51 through, the t/ /VD converter 54, and 
memorized on . RAM. -:The central processor op- 
erates following therprogram of ROM, extracts the 
so measurement data in RAM and performs data pro- 
cessing. The- reaction, table 12.1 is placed in a 
thermostat- .1 23, whereby the reaction in the reactor 
can be proceeded at a controlled ^mperature. 
r -.^. For .example. 5 or 6 standard . substances per 
55 fdne item which are required for pre^ring a calibra- 
iticrtT curve are aligned in a continuous , line on the 
-sarnple tabl 10. Accordingly, a . plurality ot the 
standard substances having different concentra- 
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tions for" a specific item" are f automatically, trans- 
ferred to the reaction tabled 2 1: by a : plurality,. of , 
times (for example; by- twrce each) through the., 
sampling probe 41. In the case of preparing a„ 
calibration curve on a sample: which has no linear 
relationship with its concentration, it is indispen- 
sable to perform' sampling the: standard substances; 
having ! different concentrations : by. a plurality, of 
times and measure them. The present apparatus:, 
enables to prepare such calibration curve. These 
measurement data are collected for each item and 
provided for the preparation of calibration curve. 
The measurement- results 'are displayed on.;. the 
printer 55 and CRT 56/ Next, in order to verify. the 
effects of the present invention, an example of 
analyzing a serum sample by appropriately modify-, 
ing the apparatus of Rg. i: is showabelow; , . : 



Measurement Example 2 



Measurement Example 1 



A removable rotary hoider was ;used instead of^ j 
the reaction table 121 shown in Fig. 5. A plurality of -, 
solid phase disks composed ^.of. a porous -material, 
capable of filtering liquid therathrough- were set qn> .- 
the holder. After the cellulose membrane having^ 
bound thereto anti-human HCG (human.; chorionic 
gonadotropin) antibody was adsorbed to the porous , 
reacted solid phase disks; the holder on. which the 
disks were placed was put on the reaction appara- 
tus :< ' Through the sample pipetter 36. 100 u\ of 
the i-^rum sample was dispensed on the reacted 
soiia phase disks. Five minutes after, 100 ul of 
anti-human HCG antibody solution labeled with 
FITC (fluorescein isothiocyanate) was added to the 
solid phase disks and superfluous water was ab- 
sorbed into the porous material. After allowing to 
stand at room temperature, Tris-hydrochloride buff- 
er solution (pH 7.8) was added to the solid phase 
disk. By doing so. the unreacted excess FITO 
labeled anti-human HCG antibody and water were 
absorbed into the porous material to remove them 
from the cellulose membrane surface. The antigen- 
antibody complex was formed on the cellulose 
membrane of the solid phase disk. 

Next, the reacted solid phase in the reaction 
apparatus 21 was transferred to the photoacoustic 
cell 23 by means of the reacted solid phase trans- 
fer 20. The photoacoustic cell was covered with a 
cover for sealing. A laser light from the light source 
17 was then cast into the cell 23 to measure the 
photoacoustic signai based on the antigen-antibody 
complex formed on the cellulose membrane sur- 
face. Thus, HCG in the sample was measured; an 
example of calibration curve in this case is shown 
in Fig. 2. 



Fitter, paper (Toyb No. 51) was cut into a size «• 
off 1 x 2 cm and nrvade^ a raw materia^for" the .solid 
5 phase. About i gii the 'paper solid ' phase * was 
suspended in 20 ml of 5 M potassium phosphate 
buffer- (pH; l2:i) ? and 10 ml of water wa& added to 
\ the suspension. While stirring with 1 a stirrer.'^ 0 ml 
of BrCN solution (0.1 g/l) was gradually added to 
70 the mixture oyer 2 minutes followed by 'reacting for 
further '6 minutes: thV reaction was carried out at, 
4°C. Immediately ; after the Reaction, 'the reaction, 
.mixture was washed with a large quantity of 0.005 
M ice-cooled NaHCW solution; and- 5 mg of puri- 
15 tied anti-human AFP antibody and purified anti-. .. 
human CEA antibody were "reacted at room tem- 
perature for 8 hours? After further reacting with 1 M- 
ethaholamine (pH 8:0) at 4' C overnight, the reac- 
* tion mixture' was ; sequentially washed with 0.5 M - . 
20 NaHC03 sofutionTO.1 M : acetate buffer solution (pH ■. 
4.0) and frfji 5 NT PBS (pH 7:2); arid - then freeze s . 
dried in 1.5 ml of PBS (pH 7.2). - - 

After the solid phase having bound thereto anti- 
' human AFP antibody and anti-human CEA 
25 (carcino-embryonic antigen) antibody was set' on 
the reaction apparatus 21, 100 n\ of a serum sam- 
ple was added to' the solid ^ phase/lmmune reaction 
was carried 'but at room temperature for '10 min-^ 
utes. The solid phase was then washed twice with 
30 1 ml leach of 0.9% NaCI and the washing liquid 
was removed from the system. ----*--.r. ; ? 

A first reagent dispersion of yellow latex par- 
ticles having bc^l^^rftterailo" •antl i humart F1 -AlrR anti- 
body and a second reagent dispersion of blue latex 
35 particles having bound 1 thereto" anti-human CEA 
antibody were, prepared afe the reagents. To the 
solid phase" were lidded" 2$6We^ K bVttie fir st 
0 . and second reagent dispersions. The nocture was 
reacted. at room tejnrjer^ture for 10 ; miriutes. The 
40 reaction mixture was then 5 -washed twice with 1 ml 
of .0.9% NaCI. After the washing liquid was .re- 
moved, the i^id^^\.yra8 withdrawn from ' the 
t . reaction apparatus : Z1 lJ: arVd placed ' in : the; 
photoappustic cell 23. After the cell 23 was sealed. 
45 the solid phase v W^s exposed to 2 kinds of laser 
light havirirj different Wavelengths; 1 whereby the 
photoacpustid si^riaf ;wa$ measured: According to 
such a mefebd^AFP antf &EA 1 can' ^'quantitatively 
determined concurrently * oh one reacted t solid 
so phase disk. An example of the calibration curve for 
simultaneous : quwtlktivdi : 'dWtBrmiriati6n of AFP and 
CEA used in this measurement method is shown in 
Fig. 3. In this case. AFP and CEA are measured 
using the wavelength corresponding thereto; 

55 ~ /. ,-, .' v ■ 

Measurement Example 3 
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As the solid phase, a disk-like glass piece was 
used. Anti-TSH (thyroid stimulating hormone) anti- 
body was previously bound to the glass wall sur- 
face on the solid, phase. The reactor in which the ^ 
solid phase was, encased was placed on . the reac- r 
tion apparatus 21 : , Through,, the. 5 sampie pipetter 36, 
20 ul of Jhe serum . sample containing . TSH was ' 
dispensedlin the. reactor followed ; by^^acting, with \. 
the anti-TSH antibody, on the solid phase at 37. C * 

for 5 minutes. . 5 j -i'. 

Next;- 100. ul of a dispersion of sheepanti-rabbit 
IgG antibodyrbound red latex, particles, was added , 
to the reaction): mixture through, the reagent dis- \ 
penser 22 :follov/ed ; by . reacting at, 37*.C ; for" 5 
minutes. Then, the unreacted Jiquid was removed. 
After washing with 0;05 M phosphate buffer , solu- ' 
tion (pH 7.5), the washing liquid was discharged. . 
The 1 . washed solid; phase was ^introduced into the 
photoacoustic cell 23 . and the ceil 23 was sealed. A 
laser tight was then - cast ; onto .thft r soliq| . pbase 'to ' 
measure- the, photqacousiic. ■signai/.An example,- of " ~ 
calibration curve, for quantitatively determining TSKI,'; 
is shown in Fig. 4. : r , , ... - . • 



Claims K 

1. A method for immunoassay , of an antigen- 
antibody complex by., photoacoustic spectroscopy 

which comprises: . » , 

immunoreacting an antigen. ; .or antibocly labeled 
with a color material in liquid , to immobilize trie' 
labeled antigen-antibody complex on a solid phase; 
separating « the . complex-immobilized' soH^ phase 
from the; liquid in contact therewith;, and, t 
transferring K the, ■ solid I phase separated trpm the* 
liquid to the --position^ f or exposure to light , anci 
measuring the photoacoustic property based on the ^ 
color/materiaj. r: f - .... 

; { ;2. .A,? method for immunoassay according; to 
claim 1 J. wherein said .solid phase has a* surface 
capable of holding the, liquid. v r 

3. <A~ method - for immunoassay , according 'to^ 
claim 2, wherein 'sajd. solid phase, is fiim^like 7 or 

plate-like. v. .• >-•*.•• - , \- V.- 

.4. A method for immunoassay.' accbVd»ng id 
claim ,1,. wherein said solid phase ; is capable of 
being put in a measuring cell, and said solid phase 
is provided for photoacoustic spectroscopy in such 
a state that a gas is sealed as a pressure medium 
in said measuring ceH. , 6 , 

5. A memod. for, immunoassay, according to 

claim 1, wherein said color /material "is ' selectod 
from a fluorescent substanc , a dye and colored 
particles. , 

6. A method for immunoassay according to 
claim 1, wherein said color material is composed of 
microcapsules in which a dye, or fluorescent sub- 
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stance is encapsulated. 

7. A method for immunoassay according to 
claim 1, wherein S3id antigen-antibody complex, is 
labeled wit'.i a plurality cf color materials.. 

8. A method for immunoassay which com-. 

prises: . * = 

adsorbing a first antibody onto a reacted solid 

phase;' ' • ,r: • • ••' : *' ■ 
reacting said first antibody with an antigen in a 
sample orv r said reacted - solid phase to form* the, 
antigen-antibody complex ;on said reacted solid 
phase; ' 

immobilizing a second antibody labeled; with a col- 
ored label on said reacted solid phase;. 1 . . ;. 
removing the liquid on the. reacted solid phase and 
introducing the reacted, ! - solid phase., into a 
jphotoacoustie cell; and, ; • iv • ; - 
subjectihg : the reaction product on said, reacted 
solid phase to photoacoustic spectroscopy. 

9. A method for immunoassay which com- 
prises: 

reacting a first antibody immobilized on a solid, 
phase with an antigen in a sample to form a 
antigen-antibody complex on said solid phase; - 
labeling a second antibody capable of specifically 
reacting with said first antibody with a color label 
and reacting the labeled -second antibody with Jbe 
first antibody on said solid phase; and, : 
then introducing the reaction product-immobilized 
on the solid phase into a. measuring cell to perform 
a photoacoustic spectroscopy. . 
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0 Method for immunoassay using photoacoustic spectroscopy. 



@ In this invention, antigen-antibody complex is 
labeled with a color material and photoacoustic prop- 
erties of the label are determined by photoacoustic 
spectroscopy^ As the color material, a fluorescent 
substance, a dye or colored particles can be used. 

The immune reaction of the labeled antigen or 
antibody is carried out in liquid under the condition 
that the solid phase is present. As the result of 
immune reaction, the labeled antigen-antibody com- 
plex is immobilized on the surface of the solid 
phase. Then, the solid phase is separated from the 
liquid and moved to the position for exposure to light 
and intermittently irradiated by the light. An acoustic 
signal given thereby is detected. According to the 
present invention, a pressure medium for 
photoacoustic determination iis a gas. The method 
permits to detect antigen or antibody with high sen- 
sitivity. 
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